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SUMMARY 
The white bass were probably originally stocked· in Spirit 
Lake, northwestern Iowa, in the last 50 years and were not 
native to these waters. The numbers have shown great 
fluctuations over the years. The field work for the present 
study covered the period 1941 to 1946. 
Spirit Lake is a shallow, rich, hard water, eutrophic lake 
not exceeding 23 feet in depth. Potamogeton richardsonii 
and Scirpus acutus are the dominant deep-water plants. In 
general, young pan and game fish amounted to a very large 
percentage of all of the small fish in the lake during the 
years 1941, 1942, 1943, 1945 and 1946. The young of yellow 
perch, black crappie, white crappie, bluegill and black bull-
head constituted all of the small pan fish for these years. 
Young white bass were quite common in 1942; young large-
mouth black bass were common in 1943, 1945 and 1946. 
The number of small pan fish was always many times 
greater than that of the young game fish. Adult yellow 
perch and black bullhead were very abundant for every 
year considered. 
The age and growth of the individual white bass were 
determined by the scale method. The body-scale relation-
ship of the white bass can be described as a regression line 
having a Y intercept (length axis) of 23.9 millimeters and 
a slope of 1.88. Females grew faster and larger than the 
males, but they did not live as long. The 1941 year class 
dominated the population from 1942 through 1946. 
The average growing season of the white bass was esti-
mated to be between 125 and 150 days. The most rapid 
growth occurred in late June, July and early August. The 
average date of annulus completion for the 1941 year class 
in 1945 was during early August. There was virtually no 
growth of the 1941 year class in 1946. 
None of the fish was mature at the end of the first year 
of life, but apparently all of them were adult at the end of 
the third year. A larger number of females than males was 
mature at the end of the second year of life. 
The mathematical relationship between the standard 
length (L) and weight (W) for all data combined may be 
expressed by the equation: 
W-9.688 5< 10-4 L.3.20G 
The coefficient of condition increased irregularly as the 
length increased, regardless of sex or age. 
The Spirit Lake white bass fed almost entirely on fish, 
insects and crustaceans. Yellow perch, bluegill, black crap-
pie and freshwater drum composed the bulk of the fish food. 
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Game fish were unimportant as food. The two orders of 
insects taken most often were Diptera and Ephemeroptera. 
Leptodora kindti was the 'most frequently taken crustacean. 
The larger white bass fed mostly on fish, while the young 
fed largely on invertebrates. There was little or no feeding 
activity under the ice. 
The average spawning date for 1946 is believed to have 
been during the last week in May. The water temperature 
for this period was approximately 61 0 Fahrenheit. At-
tempts to obtain and fertilize eggs for incubation in the fish 
hatchery met with failure. Mature fish in two small ponds 
did not reproduce successfully. 
The white bass apparently moved around Spirit Lake 
quite freely. A creel return of more than 31 percent of the 
tagged white bass in 1946 indicated a large catch of the 
already low population. 
These studies indicate that abundant year classes of white 
bass should be harvested rapidly with little or no restric-
tion on either the size or the number taken. When it is 
desirable to protect small populations, the season should 
remain closed on immature fish and adult fish that have not 
spawned during the current year. 
Life History of the White Bass, Lepibema 
chrysops (Rafinesque), of Spirit Lake, Iowa1 
By WILLIAM F. SIGLER" 3 
The white bass, Lepibema chrysops (Rafinesque), is an 
important game fish in several lakes and large rivers, but 
little life history data have been published for use in the 
management of this species. The present study was initi-
ated in 1941 and completed in 1946. The 1943 observations 
and collections were made by Dr. Reeve M. Bailey, and the 
project was inactive in 1944. 
The largest concentration of white bass in Iowa is in 
Spirit Lake. According to records in the Iowa State Con-
servation Commission file, 100,000 white bass were stocked 
in the Okoboji Lake chain in 1898. Whether or not white 
bass were in Spirit Lake before this stocking is not known. 
White bass have been taken from the lake as long as some 
of the older residents can remember, but the numbers taken 
in some years have been very high, whereas in other years 
the catch was so low as to suggest near extirpation. Be-
tween 1939 and 1946, the white bass appeared prominently 
in the catch and were presumably of considerable influence 
in the ecology of the lake . 
. The range of the white bass may be defined as follows: 4 
The northern boundary of the range extends west from the 
St. Lawrence River system, through the Great Lakes as 
far north as Saginaw Bay in Lake Huron and Green Bay in 
Lake Michigan, in the St. Croix River no farther north than 
'Project No. 764 of the Iowa Agricultural E>:periment Station and Project No. H of 
the Industrial Science Re.earch Institute of Iowa State College; in cooperation with 
the Iowa Conservation Commission. Technical Paper No. 1 t of the luwa Cooperative 
Fishery Research Unit. 
2Now Assistant Professor. Department of Wilrllife Management. Utah State Agri-
cUltural College, Logan. 
3The research was under the direction oC Dr. Reeve M. Bailey (now Curator of 
Fishes, Museum oC Zoology, University of Michigan) and Dr. George O. Hendrickson, 
Department of Zoology and Entomology. Iowa State College. Appreciation is also 
expressed for suggestions and aid in the preparatiun of the manuscript from Dr. 
Kenneth D. Carlander. Department of Zoology and Entomology. Iowa State College; 
Dr. Thomas G. Scott, formerly of the U. S. Fish and Wildlife Service and former 
leader, Iowa Cooperative Wildlife Research Unit; and Dr. Ralph Hile, Great Lakes 
Fisheries Investigations. U. S. Fish and Wildlife Service. The Iowa State Conservation 
Commission provided facilities. manpower and equipment at Spirit Lak... E. B. 
Speaker. A. Butler. F. 1<'. Schwob, Otto Koch. E. T. Ro.e. Tom Moen and Robert 
Cooper all of the Commission gave valued help. Thanks are also due the following for 
assistance in the field and laboratory: Harriet Smith, Annabelle Seaman, Tom Bohan. 
non. Seth Shepard. Lew Connell, John Parsons. Pearl Fronk and Max Davis. 
'The definition of rang .. as outlined here was derived from published reports (7. 10, 
17, 19) and from personnl letters to th .. author by A. D. Aldrich, Oklahoma City. Okla .• 
April 1, 1947; D. Homer Buck. Denison, Texns. March 7. 1947; and Herb Mosher, 
Orlando. Fla., April 11. 1947. 
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Taylor's Falls, southwest to the southwestern corner of 
Minnesota. The western edge of the natural range extends 
south along a line from the Mississippi River system in 
Minnesota, through the Arkansas River and the Red River 
of eastern Oklahoma, and through eastern Texas. The pres-
ent western range extends as far as the Okoboji Lake chain 
in Iowa and Tillman County on the Red River in Oklahoma. 
The eastern boundary of the range extends southward, west 
of the Allegheny Mountains to the Tennessee River system 
of Alabama and probably Georgia. White bass have been 
stocked in Big Sand Lake, Orange County, Florida. 
Most of the large populations of white bass are found in 
the larger rivers and lakes. According to Van Oosten (17), 
the greatest concentration occurs in Lake Erie. Tremen-
dous numbers of them have appeared in such extensive im-
poundments as the waters of the Tennessee Valley Author-
ity and Lake Texoma. 
MORPHOMETRY AND ENVIRONMENT 
OF SPIRIT LAKE 
Spirit Lake (fig. 1) is a rich eutrophic lake located in 
Spirit Lake Township, Dickinson County, in northwestern 
Iowa. The north-south axis is 4 miles long whereas the east-
west axis is slightly less than 3% miles long. The Spirit 
"5un~en La 
Minne~oto 
N 
1 
Outl",: S~IRIT L""K~, D1C\(IN50N 
COUNTY, IOWA 
WITH \0 FooT C.ONTOUI2 UN£~ 
\94<0 
Fig. 1. Hydrographic map of Spirit Lake, 1946, with 10-foot contours, and the 
water at outlet level. 
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Lake watershed lies largely to the north in Jackson County, 
Minnesota. The maximum depth tabulated in 1916 was 27 
feet (11). In 1946, when the lake was at the outlet level 
stage (U. S. Geological Survey gage reading 14.2), no 
depth exceeding 23 feet was recorded. The area of water 
exceeding 20 feet in depth is estimated at 26 percent of the 
total 5,684 acres covered by Spirit Lake. The area between 
the 8-foot depth contour and shore is designated as the 
littoral zone, and is estimated not to exceed 5 percent of 
the total acreage. The north-south arm of Spirit Lake is at 
present shallower than in 1916 as indicated by the Iowa 
Highway Commission map (11), but the east bay area is 
from 2 to 4 feet deeper than the readings given for 1916. 
During periods of high water, Spirit Lake flows into East 
Okoboji Lake and on through the Okoboji Lake chain into 
the Little Sioux River, a tributary of the Missouri River. 
The U.s. Geological Survey has kept a continuous and 
systematic record of the Spirit Lake water level elevations 
since 1933, and has compiled data on the water level eleva-
tions of the lake and rainfall records for the district since 
18735 • Since November, 1935, when the lake level eleva-
tion dropped to the recorded low of 1,394 feet above mean 
sea level (probable maximum lake depth of 16 feet), the 
water had risen a total of 8.7 feet by June, 1945. The pres-
ent concrete outlet installed by the Iowa State Conservation 
Commission has an elevation of 1401.45 feet above sea 
level. Presumably the lake was as low in 1897 and 1898 as 
it was in 1935. The periods of high water were 1882-86, 
1908, 1917 and 1943 to the present. The low-water periods 
were 1897-98 and 1934-35. 
The topography of the Spirit Lake region is remarkably 
varied for a prairie district. The area around the lakes is 
frequently referred to as "Knobby Drift," which suggests a 
topography of sharply defined hills capped with sand and 
gravel, or composed entirely of this material. Beneath the 
Wisconsin drift lies blue clay, then sand and gravel. The 
entire thickness of the drift and pleistocene sands and 
gravels probably varies greatly but may be expected to be 
at least 250 feet thick in the vicinity of the Okoboji Lake 
chain. The Wisconsin drift apparently covers all of the 
70,000 acres of the Spirit Lake watershed. 
A preliminary survey of the plants of Spirit Lake, car-
ried on in conjunction with the study of the life history of 
the white bass was made in 1946 (13). The main body of 
Spirit Lake is dominated by submergent plants. During 
"Unl>ubJi.hed data made available through the rourtesy of R"bel·t D. Schmickl". of 
the Geological Survey Office, Iowa City, IOWA. 
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1946 Potamogeton riehardsonii was the most abundant spe-
cies of these plants. The floating-leaved plants were domi-
nant in the sloughs around and attached to Spirit Lake, and 
were best represented by Potamogeton natans and Poly-
gonum natans. The reedswamp community was represented 
by the quite abundant Seirpus acutus in the lake proper and 
by Sci1'pus fluviatilis in Hale's Slough. 
Two chemical analyses of Spirit Lake water, the first 
taken August 22, 1934, and the second taken April 10, 1947, 
by the State Hygienic Laboratories were made available 
through the courtesy of A. H. Wieters, Director, Division 
of Public Health Engineering, State Department of Health 
(table 1). The high calcium carbonate hardness and the 
slightly alkaline pH is typical of northwest Iowa lakes. 
Since one of these samples was taken at a period of ex-
tremely low water and the other at a time when the water 
was high, the effects of water-level fluctuations, difference 
in temperature and time of year are involved in the chang-
ing chemistry of the water. 
FISH POPULATION 
It is extremely difficult to secure quantitative data on the 
abundance of various species of fishes in any large lake. 
The following remarks are based on information secured 
from the following sources: seining operations for the re-
moval of rough fish, test seining by the Iowa State Conser-
vation Commission, experimental gill-netting with mesh 
sizes ranging from 3 to 7 inches (stretch measure), angling, 
counts of dead fish washed up on the beach and general 
observations. 
The adult population of either the yellow perch, Perea 
flaveseens (Mitchill), or the northern b I a c k bullhead, 
Ameiurus m. melas (Rafinesque), exceeded the numbers of 
mature individuals of any other species during the period 
1942-46. The two most abundant young fish· during late 
June and July of this period were the yellow perch and the 
black crappie, Pomoxis nigro-maculatus (LeSueur), except 
that the reproduction of the yellow perch in 1943 was ap-
parently a complete failure, probably as a result of highly 
unfavorable weather just after the spawning season. No 
method of determining the comparative numbers of young 
black bullhead was found. Young bluegill, Lepomis m. 
macrochirlls (Rafinesque), were next in abundance most of 
the years. Adult black crappie and bluegill were never 
numerous. 
The white bass were easily the most numerous legal-sized 
game fish in 1942 (largely yearling fish). This also may 
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have been true in 1943 and 1944, but by 1945 the number 
of largemouth black bass, 1'vlicropterus saJmoides (Lace-
pede), seemed to equal or exceed that of the white bass. 
This increase of the largemouth bass may have resulted 
from three factors: (1) The 1941 year class of white bass 
made up a very high percentage of the entire white bass 
population from 1942 to as late as 1946; (2) the increase in 
water level elevation in 1943 and 1944 probably favored the 
largemouth bass; and (3) the largemouth bass had phenom-
enal reproductive success in 1943 (observed by Reeve M. 
Bailey). This year class first entered the catch in the 
late summer of 1944. It is believed that the reproductive 
failure of the perch in 1943 permitted much greater sur-
vival of the fry of the later-spawning largemouth bass 
during that season. Young white bass were exceptionally 
numerous in 1942, but were easily outnumbered by the 
largemouth bass in 1946. The abundance of the largemouth 
in 1946 is probably due to the attainment of maturity of 
the dominant 1943 year class. 
TABLE 1. CHEMICAL ANALYSIS OF THI<: WATER FROM SPIRIT LAKE. THE 
1934 PERIOD REPRESENTS THE LOW IN WATER LEVEL EL~;VATION 
AND THE 1947 P~-:RIOD REPRESENTS THE HIGH. 
Item 
Insoluble material. ......... , 
Phenolnhthalein .lkalinity, , 
Methyl-orango alkalinity.. .. "',., .... , .. 
Calcium carbonate hardn." , 
Total .olids ............... . 
Positive ions 
Alkalie, as .odium ........ , 
Kale;u"! ............... , . 
1 Iagneslum.... . . . . . . . .. . 
Iron .......... ........ '. 
~fan~anese ......... .. 
Aluminum ... " .. , ... .,,,. "., .. ". 
Negative ions 
Nitrogen a~ Ilitrat(' ... 
Fluorine ... .. . 
Chlor;n~ ..... ' .... ,. . "., ... 
Sulfate .......... . 
BiCArbonate. . . . . .. .., .. "... , 
Carbonate ......... . 
pi!.. ........ 
. .., I 
Part. per million 
August 22. I ~H 
20.00 
26,00 
222.00 
2f.0.00 
376.00 
2:LSD 
2.1.90 
47.50 
.15 
.20 
.SO 
. .00 
1.00 
7.00 
5.,.40 
207,40 
31.20 
April 10, 104i 
11.50 
Tin test 
10~.00 
267.00 
31500 
12, :\0 
42.40 
30.00 
,45 
.00 
110 test 
,'jO 
.~O 
Q.OO 
75 30 
2U.5fi 
.00 
S.t 8.1 
Legal-sized yellow pikeperch, Stizostedion v. vitreum 
(Mitchill), ranked either second or third among the game 
fish during the period of this study. The pikeperch were 
always more abundant than the northern pike, Esox lucius 
Linnaeus. Young pikeperch were never taken in numbers 
and young northern pike were very rarely taken. 
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On the basis of poundage, the carp, Cyprinus ca1"]Jio Lin-
naeus, is believed to have exceeded all other Spirit Lake 
fish for the period 1942 through 1946. Because young carp 
frequent the weedy shallow-water habitat during the first 
3 months of their lives, it was difficult to estimate repro-
ductive success. However, on the basis of length-frequency 
distribution of the larger carp, reproduction appeared to be 
quite successful most years. Because of the type of habitat 
occupied by the young carp, they were much less susceptible 
to predation than were the young of the game and pan fish. 
This in part may account for the continuously high popula-
tion. After the carp had reached their second year of life, 
they were subject to only slight predation. The operations 
of the rough-fish removal crew probably comprise the prin-
cipal mortality factor. 
The adults of both the bigmouth buffalo, M egastomatobus 
cyprineUa (Valenciennes), and the freshwater drum, Apw-
dinotus grunniens (Rafinesque), were less common than the 
carp. Virtually no' young bigmouth buffalo were taken by 
test-seining operations between 1942 and 1946, but Reeve 
M. Bailey reported fairly successful reproduction in 1943. 
According to O. J. Koch, of the Iowa State Conservation 
Commission, young buffalo appear in numbers in Spirit 
Lake only about one year in five. Young freshwater drum 
were taken commonly in 1942, in small numbers in 1943, 
but rarely in 1946. 
None of the small forage fish present (native minnows, 
darters and suckers) was ever abundant. ,It is quite evident 
from the foregoing discussion that the young of the game 
and pan fish are the most available food for the piscivorous 
fish of Spirit Lake. This was found to be true at Clear 
Lake, Iowa, by Bailey and Harrison (2). 
MA TERIALS AND METHODS 
The study of the life history of the white bass in Spirit 
Lake was based on a total of 2,125 specimens. Since com-
plete data were not taken for all fish, discrepancies in the 
number of fish employed in different tabulations occur. The 
numbers of fish used in the major tabulations were as fol-
lows: standard length-scale relationship, 1,142; analysis of 
stomach contents, 972; age composition of all samples taken, 
2,125; standard length-weight relationship, 1,459; age and 
sex ratio of samples, 1,179. 
COLLECTION OF SAMPLES 
The white bass were taken by hook and line, by means 
of gill nets, and with seines ranging in length from 25 to 
2,000 feet. The hook and line collections were fairly small 
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except in 1941 and 1942. A large percentage of the white 
bass over a year old was taken in gill nets. The two types 
of gill nets used during the investigation were commercial 
and experimental nets. 
The mesh of the several commercial gill nets used ranged 
in stretched-measure size from 3 to 6 inches. Each 100-foot 
length of the experimental gill net contained six sections 
of the following sizes of mesh in inches: 1%, 2, 3, 4, 5 
and 6. Generally, three lengths of experimental net, which 
were 8 feet deep, were joined and used as one net. The 
most efficient gill nets for taking adult white bass in 1945 
and 1946 were the 4- and 5-inch mesh. Almost all of the 
gill net sets were on the bottom. The nets were placed per-
pendicular to shore in open-water sets. The distance from 
the shallow-water end of the net to shore varied from a 
few feet to 400 yards. The gill net sets under the ice were 
scattered over the entire lake. 
No young white bass were taken in gill nets, despite the 
fact that they could easily have been giBed in the smaller 
sizes of mesh of the experimental net. Schools of young 
white bass frequently swam up to a gill net and then turned 
and traveled parallel to it until they were past the end. 
The yearlings, on several occasions, exhibited the same gen-
eral behavior except that the last few fish of the school were 
frequently caught because they turned back before com-
pletely rounding the end of the net. 
The mesh of the seines used ranged in size from :h to 8 
inches stretched measure. Gear having a mesh larger than 
7 inches was quite ineffective in taking even the largest of 
the white bass. All collections, using seines more than 25 
feet in length, were taken between the hours of 9 a.m. and 
4 p.m. Since a relatively small number of the larger fish in 
Spirit Lake frequent the littoral zone during these hours, 
very few white bass older than 1 year were taken with 
seining equipment. Most of the young white bass were col-
lected with a 400-foot seine, equipped with a I/:!-inch mesh 
bag and with %-inch mesh wings. In 1942, young white 
bass were taken quite easily at night with a lO-foot com-
mon sense minnow seine or with a dip net. 
RECORDS FOR INDIVIDUAL SPECIMENS 
Scale samples were taken from an area on the right side, 
just below the lateral line and even with the spinous dorsal 
fin. Scale samples were taken from only enough young 
white bass to represent their size group when establishing 
body-scale relationship. Key scales were not taken, but 
each· scale employed in calculating growth was also used 
in determining the body-scale ratio. Both standard and 
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total lengths were taken for all fish used in age and growth 
studies; in addition to this, the fork lengths were recorded 
for all except ten of the fish taken during 1946. All length 
measurements were made to the nearest millimeter from a 
measuring board, with the aid of a long-bladed knife. The 
standard length was measured from the tip of the snout, 
with the mouth closed, to the crease formed by flexing the 
tail. It was determined by dissection that there was little 
or no overlap between the median caudal rays and the modi-
fied projections of the posterior vertebrae. The total length 
was obtained by moving the two lobes of the tail in an arc 
until the maximum reading was obtained. 
Conversion of standard lengths to fork or total lengths 
may be made with the factors given in table 2. It was found 
TABLE 2. FACTORS FOR THE CONVERSION OF STANDARD, FORK AND 
TOTAL LENGTHS OF SPIRIT LAKE WHITE BASS.· 
T.L. to S.L. (no change in units of length). . . . . . . . . . . . • . . .. . . . . . . . . .• .. . . . . . 0.7746 
T.L. (inches) to S.L. (millimeters) .......................................... 19.6850 
S.L. to T.L. (no change in units of length). • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2910 
S.L. (millimeters) to T.L. (inches)......................................... 0.0508 
F.L. to S.L. (no change in units of length)..... .. . . . . . • .. .. .. . . .. .. .. .. . . . .. 0.8981 
F.L. (Inches) to S.L. (millimeters) .......................................... 22.8118 
S.L. to F.L. (no change in unit of length).................................. 1.1134 
S.L. (millimeters) to F.L. (inches).......................... .............. 0.0438 
T.L. to F.L. (no change in unit of length).. . .. . . . . . . .. . .. .•. ..... . ... .. .. . . . 0.8619 
F.L. to T.L. (no change in unit of length) ................. '" •. , . .. . . . . . . . . . 1.1602 
·S.L. _ Standard length; F.L. _ Fork length; T.L. _ Total length. The factors 
involving total length and standard length are based on 1.163 fish, between 89 and 846 
millimeters, standard length. The fork length measurements were from 359 fish. 
between 89 Rnd 347 millimeters. standard length. 
that the adult females had slightly shorter tails than the 
adult males, and the young fish (unsexed) had shorter tails 
than the adults. The difference between the males and fe-
males was considered too small to be of practical value. In 
young fish the factor for converting total length to standard 
length as determined from 262 specimens between 38 and 
105 millimeters, standard length, was 0.7906. While this 
variation from the adults may be significant, the lack of in-
formation on fish between the lengths of 105 and 147 milli-
meters makes it impractical to try further correction. A 
single factor is, therefore, employed for each type of con-
version. 
Hile (8) and others noted that the length of a fish is de-
creased by preservation. Preliminary experiments in this 
study indicated that postmortem shrinkage, probably con-
traction of the intervertebral disks as well as the effects of 
preservation, caused a decrease in the length of the fish. 
Since the lengths of many of the adult fish were measured 
after rigor mortis had set in, and others were measured 
very shortly after death, no length correction is used. (The 
standard length correction factor was determined as 1.012.) 
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It was found that the weights of fresh white bass were 
changed markedly after they had been preserved in either 
formalin or alcohol. All preserved fish were originally put 
in 10 percent formalin; many of them were later changed 
to 70 percent alcohol. The weights of the formalin-pre-
served fish continued to change for a period of between 3 
and 4 weeks but remained stable thereafter. . 
Length and weight data were taken on 214 young and 70 
yearling white bass immediately after death, then period-
ically while the specimens were in formalin and in alcohol. 
The weight correction factor was determined as 0.947 for 
specimens in formalin and 1.147 for specimens in alcohol. 
The weights of fish, which had the preservative soaked out 
in water, were not the same as their original fresh weight. 
There was a slight difference between the factors for the 
young fish and for the yearling fish, but it was not consid-
ered practical to make further correction. 
Fish heavier than 75 grams were weighed on a Chatillon 
circular-spring balance scale with a 15-pound capacity and 
calibrated by Y;2-ounce intervals. These weights were esti-
mated to the nearest ~,1~ ounce. The smaller fish were 
weighed on a weight balance scale accurate to the tenth of 
a gram. 
SEXING THE FISH 
White bass ranging upward from 92 millimeters in total 
length were sexed with confidence; those below 47 milli-
meters in total length were judged too difficult to sex. 
Under magnification the developing eggs in the ovaries 
were regular and slightly oval. The testes contained much 
smaller bodies which were quite irregular. After the fish 
were opened carefully, the gonads could be examined mi-
croscopically. The ovaries were larger than the testes of 
comparable sized fish; they were more nearly round and 
had a tendency to be soft. Testes were ribbon shaped and 
sometimes had a slight median ridge on the ventral side. 
While the larger young white bass could be sexed, data on 
sex ratios of this age group are not included in the tabula-
tions. 
The maturity of each fish was recorded as either juve-
nile, subadult or adult. The individuals with sex organs 
partially developed and those which would apparently be 
mature enough to spawn the following breeding season were 
designated as subadults. 
It was found that the sexeH of the larger white baHs could 
be distinguished by external characteristics (14). In fe-
males the genital ducts and the urinary tracts have separate 
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openings; in males these systems discharge through a com-
mon urogenital pore. 
PREPARATION AND EXAMINATION OF SCALE SAMPLES 
The scales were soaked in water and cleaned by rubbing 
them between the thumb and forefinger. Four scales from 
each fish were mounted on microscope slides in the glycerin-
gelatin medium recommended by Van Oosten (16). Scales 
were examined at a magnification of X 27.0 with the aid of 
the microprojector similar to that described by Van Oosten, 
Deason and Jobes (18). 
The scale of each fish used in the growth-rate study was 
also used to establish body-scale relationship. An average 
of four scales from each fish was examined. One of these 
scales, selected at random, was used in the calculation of 
individual growth history. The ages of all fish were read 
twice, the second time without reference to the record of the 
first estimate. Data on slightly less than 5 percent of the 
fish were discarded because of an inability to interpret the 
scale information with confidence. 
DETERMINATION OF AGE 
The determination of the age of white bass from scale 
examinations was based on counting the number of annuli, 
or, as Hile (8) described them, "lines of discontinuity be-
tween the growth areas of successive years." The scales of 
fish in the first year of life do not have annuli, and such fish 
are designated as young fish. The common practice of 
recording the number of annuli with roman numerals is fol-
lowed here. 
Computations of individual growth histories for fish 
more than 1 year old were made with the aid of a nomo-
graph similar to that described by Carlander and Smith 
(3). The calculations were made using 24 as a base rather 
than 0 since the body-scale relationship was represented by 
a straight line from 24 millimeters, standard length. 
VALIDITY OF THE ANNULUS AS A YEAR MARK 
The dominance of the 1941 year class of white bass 
through the entire period of this study permitted the best 
possible evidence for testing the validity of the annulus as 
a year mark. In 1942 the samples were predominately 1-
year-old fish; in 1945, collections were largely of IV-year-
old (1941 year class) fish; and again in 1946, the 1941 year 
class outnumbered all other year classeH combined. Rile 
(8) considered the persistent abundance or scarcity of a 
year class to be possibly the most convincing evidence for 
the interpretation of the annulus as a year mark. 
There was a definite relationship between the size of the 
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white bass and the number of annuli present. The young 
and yearling fish could almost always be placed in the 
proper age group on the basis of length alone. While older 
Spirit Lake white bass in the same age group had similar 
lengths (tables 3 and 4), they could not always be placed 
in the proper age group on the basis of length. 
FOOD ANALYSIS 
The dietary habits of the white bass were studied by ana-
lyzing the stomach contents of fish representative of each 
age class and of almost every 5-millimeter size group. The 
intestinal contents were not examined. Organisms con-
tained in each stomach were identified to genera or species 
if possible, and the volume of each species (or unit) in an 
individual stomach was measured by displa"cement. The re-
sults of each analysis are recorded by volume and by occur-
rence. 
MARKING FISH 
In order to determine the most reliable method of tagging 
the white bass in Spirit Lake, an experiment was conducted 
in a 1.I5-acre pond (3.46 acre feet) at the State Fish Hatch-
ery, Orleans, Iowa. 
On Aug. 29, 1942, 200 yearling white bass, ranging in 
total length from 200 to 267 millimeters, were released in 
the pond. These fish were divided into four groups and han-
dled as follows: 50 were tagged in the left premaxillary, 
and the left pelvic fin was clipped; 50 were tagged in the 
right mandible, and the right pelvic fin was clipped; 50 
were tagged in the right opercle just below the median line, 
and the right pectoral fin was clipped; 50 were released un-
marked. Although not all of the fish used in the experi-
ment were recaptured, it was quite evident that the white 
bass would hold neither the premaxillary nor the opercle 
tag for any appreciable length of time. 
In all subsequent marking operations, the strap tag was 
used only around the mandible. Later examinations, in-
cluding two fish taken 20 months after tagging, revealed 
only minor irritations around the lower jaw. 
AGE AND GROWTH 
BODY-SCALE RELATIONSHIP 
The relationship between the standard length and the 
anterior scale radius (X 27) of each fish was determined 
to serve as a basis for calculating growth rate. The data 
were grouped into 5-millimeter standard length inter-
vals, and the mean body length, mean scale measurement 
and the body-scale ratio were determined for each interval 
(all ages were combined). The body-scale (L/Sc) ratio 
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decreased progressively as the size of the fish increased 
(appendix table 1). That is, the scales became relatively 
larger. 
A regression line having a Y-intercept (length axis) of 
23.9 and a slope of 1.88 was found by the least-square!: 
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method to fit the plotted data (fig. 2). The smallest white 
bass captured had a standard length of 23.5 millimeters 
and was only partly scaled. All captured fish 24 millimeters 
or more in length were fully scaled. While the total num-
ber of white bass is spread over 51 length groups, 22 of 
these groups account for 1,036 of the 1,142 fish examined. 
Van Oosten (17) found that a line having an intercept of 
24 and a slope of 1.08 closely fit the plotted values for the 
Lake Erie white bass. Only those length groups represent-
ing 12 or more individuals were used by Van Oosten in fit-
ting a straight line to the data. Length-interval groups con-
taining 11 or more individuals are enclosed in brackets 
(fig. 2) ; however, a straight line was fitted to these data 
over the entire length range of the Spirit Lake white bass. 
The greatest deviations from the fitted line occurred at the 
extremes in body length and were represented by only small 
numbers of fish. An examination of the body-scale relation-
ship of male and female white bass failed to reveal consist-
ent differences. 
AGE COMPOSITION AND STRENGTH OF YEAR CLASSES 
The calculated lengths for each year of life of the male 
and the female white bass were recorded separately (tables 
3 and 4 and fig. 3). The mean calculated lengths of the 
females exceeded the calculated lengths of the males every 
year beyond the second one. The growth increments of the 
females exceeded those of the males by 7 millimeters in both 
the third and the fourth year, and by 2 millimeters in the 
fifth year. While the females grew faster and to a greater 
length than the males, the females were outnumbered in the 
TABLE 3. SUMMARY OF THE MEAN CALCULATED STANDARD LENGTHS AND 
ANNUAL LENGTH INCREMENTS IN MILLIMETERS FOR THE MALE SPIRIT 
LAKE WHITE BASS COLLECTED IN 1941. 1942. 1943. 1945 AND 1946. 
Number length at ---
Age group offish capture I 
\ Standard 
I 74 184 105 
II 9 203 106 
III 4 272 109 
IV 195 285 103 
V 220 294 94 
VI 28 297 99 
VII 14 307 98 
VIII I 24 307 99 IX 1 320 95 
--
rand a"era;s-------1---G 
II nd total 569 99 
ncrement. of growth I 99 
.quivalcnt total lengths in inr.h.. [-5:0 
--------
umber or fish .569 N 
Calculated length at end of l'ear of life 
-- ~3- -4-j-5-1-6-1-71-8- . g-2 
-----~-I-~------
i92 ... ... ... , ... ... ... .. . 254 ... ... I ... ... .. . .. , 210 278 ... ... ... .. . ... 191 249 
288 
... ... ... .. , 
191 246 275 205 ... ... ... 193 242 270 2R3 ... ... ... 
194 243 269 286 297 307 .. , 
199 241 265 277 290 299 307 320 200 246 270 286 300 306 314 
--:- -:~-I~~~r~-:- --- -----302 308 320 
----------
94 55 28 13 12 9 8 6 
----1------9.7 [12.6 14.0 14.5 14.9 15.3 15.6 16.2 
------------
495 486 I 482 281 I 67 39 25 
218 
TABLE 4. SUMMARY OF THE MEAN CALCULATED STANDARD LENGTHS AND 
ANNUAL LENGTH INCREMENTS IN MILLIMETERS FOR THE FEMALE SPIRIT 
LAKE WHITE BASS COLLECTED IN 1941, 1942, 1943, 1945 AND 1946. 
Standard Calculated length at end of year of life 
Number length at 
Age group offish capture 1 2 _, 3 1 4 , 5' I 6 7 ) 8-
I 63 183 104 i94 '" ... ... ... ... . .. II 20 209 107 
'" 
... ... . .. ... 
III 8 279 105 207 255 289 ... ... ... . .. IV 210 300 102 191 254 
:i02 ... ... '" V 156 306 103 190 252 287 
:iii! ... . .. VI 25 313 103 190 250 285 301 
:iiil ... VII 3 31~ 104 191 246 281 297 308 32?-VIII 5 328 105 191 244 278 297 309 318 
------------------------------Grand averages 
and total 490 103 192 253 288 302 311 316 327 
--------------------------------
Increments of growth 103 89 62 35 15 10 8 9 
-----------------
E([uivalent total lengths in inches 5.2 9.7 12.8 14.6 15.3 15.8 16.0 16.6 
--------------
Number Qf fish 490 427 407 399 189 33 8 5 
--
advanced age groups (table 5). The males constituted 65 
percent of the V~ to IX~year age groups, and 83 percent of 
the VII~ to IX-year age groups. 
Van Oosten (17) found only a very slight difference in 
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TABLE 5. S;';X RATIOS OF THE SPIRIT LAKi': WHITE BASS COLU;CTi':D IN 
1941, 1942, 1943. 1945 AND 19,16. 
~--- - --- ------ ------ -- - - -- - -------_. -- -
Year Age group Number of fish 
Percentage I P<'1'ccntagc 
of males of rpmale. 
---------------- --------- -
III S I IV 4 50.0 
V i I~ 38.5 
1941. , " .. '"'' , "". 100.0 
.10.0 
61.5 
--------- --------- -------------- ------- .---~~~~-
Combined .. " ... " ... " ... " ... " 22 31.8 68.2 
---------------------------------
1942.,.,.,."".", " I 
JI[ 
IV 
V 
VI 
Combined. , , ..... "" ." .. """"',, .. 
257 
4 
53 
29 
1 
344 
,,1.4 
75,0 
49.1 
27.6 
49, I 
48.6 
25.0 
110.9 
72.4 
100,0 
50.9 
--------------_·_------1----- - .-------
1943 .. ""."........ II 27 33.3 66,7 
I~ 2~ Igtn . 6:9 
,~f I 2~ 57, 1 1&3:~ 
-------------.-- ·--1-------------------
Combined ..... "" .. "."",,.... 80 
1945 .. " ... "" ..... 1\ 
IV 
V 
VI 
VII 
2 
339 
36 
8 
1 
---------------1----
Combined ... " " . ".. ... 386 
1946. , ". " .. , .. ,," , III 3 
IV 8 
V 269 
VI 23 
VI[ 14 
VIII 29 
IX 1 
61.2 38.8 
100,0 
47.2 52.8 
75.0 25.0 
62.5 37.5 
100.0 
-------
50,0 50,0 
23.3 66.7 
75,0 25.0 
56.9 43.1 
47.8 52.2 
92.9 7.1 
82.S 17.2 
100.0 
Combined .•.......... 1:.:. ... :.:.:.:.:.:.:.:.:.:. ...... ___ ':4_7 _____ 6_o._2 __ 1_. __ 3_9_.8 
Grand total and average .... " .......... ,,1,179 53.2 46. S 
growth between the sexes of the I-year group of Lake Erie 
white bass. Greater discrepancies existed between the II-
and III-year groups (females averaged longer and heavier), 
but it was concluded that "the females are only slightly 
larger than the males at corresponding ages." The data for 
both sexes were combined by Van Oosten. Less than 5 per-
cent of the fish in Van Oosten's sample had three or more 
annuli. 
It is quite evident from table 6 that the 1941 year class of 
white bass dominated the Spirit Lake population from 1942 
through 1946. The 1941 class constituted 94 percent of the 
1942 catch, 88 percent of those taken in 1945 and 78 per-
cent of the 1946 fish. Just how completely this year class 
dominated the population is further demonstrated by the 
fact that only 13 fish (less than 2 percent) from year classes 
later than 1941 were taken in the combined 1945 and 1946 
catch. There is no previous life history study of the Spirit 
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TABLE 6. AGE CLASS COMPOSITION" 0)" WHITE BASS COLLECTED AT 
SPIRIT LAKE IN 19H, 1942, 1943, 1945 AND 1946. 
I I -"" PerceDta~e in each age cia ... Period of collection ~~f1~~r --I -i-n-j-iul-iV-l-v-IVi-IVil vrn IX 
Oct. 3-Nov. 13, 1941_ ...... -2-2-1-:-:-- --:-t' - -23 -18- -59- -:-t' ------
July 27-Nov. 18, 1942...... 1842'* 94 t 3 2 
Aug.7-Nov. 18, 1942....... 224'* 61 2 24 13 t '3' 
Jan. 29-July 8,1943........ SO . . 34 1 36 26 .. 
Jan. 29-Dec. 10, 194.>. . . ... 38Q \'" t '1' 88 9 2 t 
:'Ior. 29-Nov. 2, 1946. . . .. . 341 . . 2 78 7 4 
- -"------ --"---
'Excluding fish Jess than 1 ~e",' old. 
**In 1942. not all of the fish were used in the age and growth studies. The smaller 
sample of 224 fish was used in the growth studies. 
tFish of this age class were collected. but they comprised less than 1 percent of the 
sample. 
Lake white bass, but best available evidence indicates a se-
ries of extremes in populations in the last 30 years. In the 
past the white bass have almost disappeared from the catch 
for a period of 1 or more years and then reappeared promi-
nently, according to several of the professional fishing 
guides and other residents of the vicinity. Such extremes 
in the reproductive pattern of a population may possibly be 
associated with the factors that limit the range of the 
species. Spirit Lake is close to if not outside the northwest 
corner of the natural range of the white bass. It is possible 
that edge-of-the-range effects are, in part, responsible for 
the violent fluctuations of the population and the largely un-
predictable spawning habits of the Spirit Lake white bass. 
However, this same phenomenon, with apparently less ex-
tremes, has been noted by Howell (9) and others for white 
bass much farther south. A simple, and perhaps more likely, 
explanation is that the 1941 year class of white bass soon 
reduced the 1942 and 1943 classes. In 1944, 1945 and 1946, 
the 1941 class of white bass and the 1943 class of large-
mouth bass both preyed heavily on the young white bass. 
LENGTH OF THE GROWING SEASON AND TIME OF 
ANNULUS FORMATION 
The amount of growth completed at different periods of 
the summer was estimated by comparing the lengths of the 
fish caught during the summer with the calculated lengths 
of other fish which completed the same year of growth 
(table 7). The average standard length of both the male 
and the female yearlings did not increase after Oct. 3, in 
1942. The II-year-old females increased in average length 
by 12 millimeters and the males apparently grew 5 milli-
meters between the periods of March 3 to March 16 and 
May 19 to June 2, 1943. There seemed to be little 01' no 
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TABLE 7. PERCENTAGE O}<' ANNUAL GROW'rn COMPLETED AT TIME OF 
CAPTURE FOR SOME SPIRIT LAKE WHITE BASS.· 
Mean standard length in millimeters Calculated 
Num- --~~ percentage 
ber At Calculated Growth Calculated of annual 
Age Collpction of capture at end of current growth" for en- growth 
class dates fish previous yr. year tire current year completed 
--------------
Males 1942 
I Aug. 7-17 ......... 18 169 105 64 94 (495) 68 
I Aug. 29-Sept. 12 .. 35 187 10!; 82 94 (495) 87 
I Sept. 29-0.t. 3 .... 18 196 108 88 94 ~495) 94 
I Nov. 4-18 .•...... 3 195 108 87 94 495) 92 
IV Aug. 29-Sept. 12 .. 21 287 274 13 13 (287) 100 
IV Sept. 24-0.t. 3 •.•.. 5 289 277 12 13 (287) 92 
Females 1942 
I Aug. 7-17 ..••..... 16 166 103 63 89 (427) 71 
I Aug. 29-Sept. 12 •. 28 184 103 81 89 (427) 91 
I Sept. 24-0.t. 3 •••. 16 194 106 88 89 (427) 99 
I Nov. 4-18 ........ 4 195 101 94 89 (427) 106 
IV Aug. 29-Sept. 12 .. 22 299 286 13 15 ~IB9) 87 
V Aug. 29-Sept. 12 •. 17 312 299 13 10 33) 130 
Mal .. 1943 
II May 19-June 2 .... 2 201 201 0 55 (486) 0 
II JulyS ............ 4 210 185 25 55 (486) 46 
~'cmal .. 1943 
II May 19-June 2 .... /; 202 202 0 62 (407) 0 
II July 8 ............ 11 212 190 22 62 (407) 35 
.-~-
·Calculated increments for the .. ntire growing period were based on data from 
combined age group., but the 1941 year cia •• (age groups I and II) constituted a large 
pel'centage of each sample. 
··Number of fish used to calculate gl'owth at end of current year in parenthesis. 
growth for the year after Oct. 15, 1945. In 1946, the fish 
5 or more years old apparently did not grow. While data 
on the rate of growth is admittedly incomplete, the present 
information can supply a rough picture of the relative 
amount of growth for the summer months. The estimated 
percentage of the year's growth for the 1941 year class in 
the summer and fall of 1942 and the spring of 1943 is as 
follows: for the period ending July 1, 35 percent; for the 
month of July, 27 percent; for August, 30 percent; and 
for September, 8 percent. 
The young fish had completed 50 percent of the year's 
growth by Aug. 1, an additional 25 percent was added 
during August and there was no growth indicated after 
Oct. 15 (table 8 and fig. 4). 
Apparently the growing season of the Spirit Lake white 
bass starts in the latter part of May and continues to the 
middle of October, a period of between 125 and 150 days. 
However, a very large percentage of the total growth takes 
place during June, July and August. The average agricul-
tural growing season for the northwest section of Iowa is 
148 days. Eschmeyer and Jones (4) found that the younger 
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TABLE 8; MEAN LENGTHS, WEIGHTS AND K OF THE YOUNG WHITE BASS 
OF SPIRIT LAKE.· 
Collection data Number weight lIIean I Standard length (mm.) Average I 
, of fish Mean Range (grams), K 
_._--------------------'------------
1942 
July 22 ... , ..... """"",, ... 
Au~ust 3" , ' ... ' . , , , , ' .. , , , , . , . 
August 22." .. , ... , , , ... ' , , , -
October 5., .. " .. ",.""",. 
October 5" . , , .. , , , , . , , 
October 18. " .. " ... .. 
November 18, , ' .. , .... , 
1945 
July25 ......... " .... , 
AUgust 9.... .. .. ... ' "" .. -,,' 
September 17" , ,_ """.,.",.1 
flrptember 23" .. .... .. ' 
October 10 .... " .... " ........ , 
1946 
July 24 .... .. 
July 24 ... .. 
October 21. . , _ . , . , . , .... , , , , ... 
October 31,., , ., " , , .... ,' " .. ' 
31 
67 
66 
25 
86 
31 
2 
123 
51 
31i 
42 
35 
15 
7 
IP 
II 
35 31-40 
48 38-55 
62 48-76 
86 75-99 
80 67-96 
77 66-90 
86 81-90 
29 10-3S 
45 4~3 
57 50-65 
75 60-100 
69 57-88 
42 
34 
83 
87 
31;-46 
30-39 
70-112 
72-105 
. 2:4i 2: iii 
6.33 2.42 
15.70 2.45 
T:iil 2:35 
10.45 2.43 
17.00 2,20 
i4:il9 2:40 
- -- .. --- ---~--.-.--'----------'----------'-----
'The collections for which weill'hts are not "iven were measured after preservation. 
fish of a species made a faster early season growth than the 
older ones. This was observed to be true of Spirit Lake 
white bass. 
The appearance of an annulus in the anterior field of a 
scale is generally considered evidence of growth resump-
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TABLE 9. AGJ<: COMPOSITION' OF THE SPIRIT LAKE WHITJ<: BASS COL-
LECTED AT DIFFERENT PERIODS IN 1945 AND 1946, BASED ON 
THE NUMBER OF ANNULI PRESENT." 
Number 01 fi,h in age group 
19j~IY29_a1..~~~,dOI~:I:.c~ion',~~= -,I 1 I~-' :1: 1_::--: I-~~ I-~IIV~I 
August 6-8, , ..... ... . .... . , . , .. . , , , . , , , , , ' I' ~o 44 5 2 
August 11-14 , .. .. .. .. .... .. .. .. .. .. .. .. .. 22 40 .. 
August 16-18.. . .. .. .. .... ... .. . .. .. ... .. I Ii 45 I 2 
October 15 , . , . , ... ... .. .. . .. .. . , , , , • , , .. , 19 I I 
November 2-5 , , , ,. "' .. ", .......... , . .. . 53 4 2 
December 10 ........ .. ...... .. . ', ... " .. , 16 
1946 
March 29 .......... .. .. ...... .. ," , ..... , 
April 11-19 .. , .... " .. ............ .. .... .. 
April 27-May 7, ........... .. .. . , , , . , , . .. . 
May 2~June 3 , .... .. . , , , , ..... ' .. , , ... .. 
June 2~26 ...... " ' ..... " " . ...... " ... . 
July 7-16 .................. , .. . "" " "'" 
August 14-15, , ........ , . , .. .. ..... ... . .. . 
September 16-20 .. , .. , .. ,,' .. ... ' " " ,.," 
October ai-November 2 ... " .. .. , . .. . ,., ... 
'Excluding the young lioh • 
. i 
7-1 
25 
26 
20 
2ti 
44 
19 
3 
5 
1 
I 
I 
4 
13 
19 
16 
I 
4 
3 
2 
3 
3 
5 
4 
5 
a 
a 
7 
. j ' j 
1 
• *No correct.ion waS made in the age of fish which apparently had nut formed an 
annulus during the calendar yenr' in which the fish was colleeled. 
tion. Although a mark cutting across lines of growth in the 
anterior radius of a scale is not necessarily an annual ring, 
pertinent life history information usually makes it possible 
to differentiate the true year mark from the false one. The 
information in table 
9 is based on the 
number of true an-
nuli (continuous 
cutting across in 
both the anterior 
and lateral field) 
present at the time 
of capture. The age 
composition of the 
1945 white bass 
population appeared 
to shift as the sea-
son progressed, 
from a preponder-
ance of 3-year-old 
to one of 4-year-old 
fish. The numbers 
in each age group I 
of the early 1946J 
Fig. 5, Scale from a 1941 year class Spirit Lake 
white bass taken June 2, 1943. No annulus for the 
current year hns heen formed. 
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1I 
Fig. 6. Scale from a 1941 year clns" Spirit Lake 
white bass tnken July fI, 194a. The current Hnnulus 
is compJete. 
collections are very 
similar to the num-
bers in each age 
group of the late 
1945 samples. Prac-
tically all of the fish 
taken in late July 
and early August, 
1945, had at least a 
trace of what might 
be interpreted as 
the beginning of an 
annulus. The same 
shift to a higher 
age group is evident 
in the 1946 collec-
tions, but relatively 
small samples at the 
critical time and the 
slow growth of the 
Fig. 7. Scale from a 19-11 ycUl' class Spirit Lulie whit~ La!'l!'i takt!1I July :n. HJ·l.j. 
The fourth annulus apl)eCU'S only in the anterior ReId . 
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older fish make the evidence less conclusive. The entire 
white bass population had apparently completed formation 
of a current annulus by Aug. 15, 1945 (figs. 7 and 8). The 
average date of completion of the annulus was probably not 
more than 10 days or 2 weeks earlier. The 1941 year class 
of fish taken in 1943 apparently formed an annulus between 
June 2 and July 8 (figs. 5 and 6). 
The phenomenon of either late, or actual lack of, annulus 
formation is not new to fisheries investigators. Thompson 
~--I1I 
Fig. 8. Scale from a. 1941 year cIa", Spirit Lake white bass taken Oct. lr" 1945. The 
fonrth annulus is complete, but the ('un·ent year's growth is quite small. 
and Bennett (15) observed that the Horse Shoe Lake black 
crappies failed to lay down annuli in their fourth, fifth and 
sixth years, and attributed the lack of growth to dwindling 
food supplies. Frey and Vike (6) found that white bass of 
the 1931 year class of two Wisconsin lakes did not form 
annuli in either their sixth or seventh year of life. Frey 
and Vike concluded that a scarcity of food caused the white 
bass not to grow in length and hence not to form annuli for 
either of the two years. The 1941 year class of Spirit Lake 
white bass grew very little in 1946, and many of them ap-
parently formed annuli slowly, and in some cases there was 
no proof of an annulus being formed at all. The percent-
226 
ages of adult white bass with no food in the stomach did 
not vary markedly in 19'46 from 1942 or 1945. It would 
appear from this that the delay or failure of the 1941 year 
class to form an annulus in 1946 could not be attributed to 
a lack of food. Although there was a slight increment of 
growth in the sixth year for all year classes combined, the 
average length at capture of the 1941 year class did not 
increase during the 1946 growing season. After the maxi-
mum length is attained it may be that a part of the Spirit 
Lake white bass does not form a definable annulus regard-
less of the amount or kind of food available. 
AGE AT MATURITY 
No white bass was found with mature gonads at the end 
of its first year of life. In 1942 and 1943 at least 3~ percent 
of the male and 76 percent of the female white bass had 
well developed sex organs at the end of their second year 
of life (table 10). Possibly most of the females reach ma-
turity by the time they are 2 years old. All 12 of the 3-year-
old fish examined were mature. 
TABLE 10. PERCENTAGE OF IMMATURE AND MATURE WHITE BASS OF THE 
1941 YEAR CLASS IN 1942 AND 1943 COLLECTlONS.· 
N umber of fish 
Percentage that 
we-reo mature ____________________________ 0 __ -
~lale. . 
Augu,t i-Xo\"elllher 18, 1942 ..........•...............• 
May 19-July 8, 1943 .................................. . 
Females 
August i-Xayell\bcr IS, 1942 .......................... . 
~Iay \9-July 8, 1943 .................................. . 
118 
6 
104 
17 
35.6 
66.7 
91.3 
76.5 
• Fish with sex organs developed well enough to indicate probable spawning the 
following year are considered muture. No young white bass taken in 1942. 1945 and 
1946 were mature. All fish 3 or more yenrs old were judged to be mature. 
LENGTH-WEIGHT RELATIONSHIP AND 
COEFFICIENT OF CONDITION 
It has been shown by Hile (8) that the length-weight re-
lationship of various fishes may in general be expressed by 
an equation of the following type: 
W=cLn 
where W = weight 
L = length 
c and n = constants 
The length-weight relationship was determined sepa-
rately for young fish less than 105 millimeters in standard 
length (sexes combined), for the larger males and the larger 
females. Since there was only a slight difference between the 
length-weight relationships of each of these three groups, 
the data of all groups were combined (table 11 and fig. 9). 
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TABLE 11. LENGTH-WEIGHT RELATIONSHIP OF SPIRIT LAKE WHITE BASS. 
BASED ON ACTUAL LENGTHS AND WEIGHTS OF 1.459 INDIVIDUALS 
TAKEN IN 1941, 1942, 1943, 1945 AND 1946. THE AVERAGE 
STANDARD LENGTHS ARE BASED ON 10-MILLIMETER 
INTER V ALS, WITH SEXES COMBINED. 
Weight in grams 
~lean standard I Estimated mean" length in mm. O,,"crved meon MeanK N umber of fi.h 
--------------, 
39 1 
I 
1 2.121 6 
46 2 2 2.152 60 
55 4 
I 
4 2.315 72 
65 7 6 2.418 48 
75 10 10 2.429 40 
85 15 15 2.424 25 
95 21 21 2.499 10 
105 27 29 2.680 1 
146 82 84 2.625 , 5 
155 103 102 2.754 16 
167 129 129 2.757 46 
176 155 153 2.882 62 
185 186 181 2.941 r,7 
195 215 212 2.912 56 
205 254 251 2.942 35 
214 268 286 2.739 9 
224 310 332 2.758 1 
235 383 387 2.951 1 
241 411 420 2.936 1 
259 489 526 2.8.14 2 
267 620 582 3.254 11 
277 679 657 :1.169 IDS 
286 740 i31 3.143 27;~ 
296 799 813 3.084 221 
306 891 S98 3.124 166 
315 977 987 3.136 92 
326 1,152 1,121 3.154 15 
336 1,194 1,220 3.141 7 
346 1,286 1,334 3.113 3 
-----------------
'Estimated by means .of the equation, W = 9.688 X 10-4 La.>"". 
The following equation was determined by the least squares 
method: 
W = 9.688 X 10-4 L3.200 
The coefficient of condition, K, was determined by the 
equation: 
Wl0" K=~ 
where W = weight in grams 
and L = standard length in millimeters 
The J( factor indicates the degree of plumpness. That is, a 
relatively large K value represents a good condition of the 
fish. The K values of the Spirit Lake white bass increase 
with considerable irregularity as the lengths of the fish 
increase, from 38 (K=2.121), to 266 millimeters, standard 
length (K 3.254). (See fig. 10.) The condition factors 
of larger fish apparently level off at 3.13. Neither the sex 
nor an increase in age, without an increase in length, ap-
pears to affect the K factor markedly. In regard to the J( 
factor of the Lake Erie white bass, Van Oosten (17) con-
cluded that there was no significant difference between 
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Fig. 9. Length-weight relationship of Spirit Lake white haBs. W = 9.688 X 
10-4 L3.206. 
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Fig, 10. Relation.hi). b.twPt'n standard length and K factor of Spirit Lake white bas •. 
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sexes or age groups I, II or III. Van Oosten stated that a 
K of 2.15 for the O-group white bass was relatively low. 
The range in condition factor for Lake Erie white bass was 
from 2".15 to 2.62. 
FOOD HABITS 
Although numerous general statements have been made 
regarding the dietary habits of the white bass very little 
detailed work has been published. Bailey and Harrison (2) 
analyzed 80 white bass stomachs from Clear Lake, Iowa. 
Forbes and Richardson (5) considered white bass insectiv-
orous, but also willing to take medium-sized crustaceans 
and occasionally fish. D. H. Buck, in personal correspond-
ence, stated that the white bass of Lake Texoma, Okla., 
feed almost entirely on gizzard shad. 
The bulk of the diet of the white bass in Spirit Lake was 
composed of fish, insects and crustaceans. No vertebrates 
other than fish were taken. However, since adult white bass 
stocked in a small pond took frogs (Rana pipiens) , the fail-
ure to take small amphibians probably represents a lack of 
availability rather than selection. Most of the insects con-
sumed belong to 
two orders: Diptera 
and Ephemerop-
tera. The crusta-
ceans were largely 
the entomostracans, 
Leptodora kindti 
and Daphnia spp. 
As a general rule, 
the adult white bass 
consumed a greater 
volume of fish than 
of all other food 
items combined 
(appendix tables 2, 
3, 4; figs. 11, 12 and 
13). Only twice did 
the volume of fish 
in the adult food for 
any month fall be-
low 50 percent of 
the total amount 
consumed. The bulk 
of the piscivorous 
diet of the adults 
was supplied by 
four species of fish: 
FOOD 
PE::.R.IOD 
MAR. API"O!'IL JUNE:. JUL ..... Au,," 
~n.o 
PAN ::;,2 -0.0.-' 
,'SH 
-
.... 0 
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~~ 
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F"ORAGE 2.0 
fiSH M ~ .~ o 
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o 
-':J2a 
CRU5.,"AC,'CANS - 40 
i;j '~r 2.0 
Fig. 11. Food of the adult white bus" f!"Om Spirit 
Luke in 1946. expressed as percentages of (o(al yolume 
of food organisms. 
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PE.RIOD 
FOOD 
the yellow perch. 
the bluegill. the 
black crappie and 
the freshwater 
drum. Game fish 
accounted "for only 
a small percentage 
of the food. 
JUL..Y Au .... Oc:::r. Nov. 
GAMe:: 20 
nSH I., 
c 
PAN 
Fi':>H ao 
0 
40 
F""oFZ.A!5E; 
FISH zo 
0 
INSt:CTS 19.~ 2.0 
0 
CRUST-
ACE:ANS 
2.0 
Although carp 
was the only abun-
dant cyprinid in 
Spirit Lake during 
the years studied, 
no carp was identi-
fied from stomachs 
of white bass. In 
1946 n u mer 0 u s 
young carp were ob-
served in the shal-
low, weedy habitats 
of Spirit Lake, but 
these areas were 
rarely frequented 
}'ig. 12. Food of the adult white bass from Spirit 
Lake in 1945, expressed as percentages of total volume 
of food organisms. 
PE:RIOD 
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20.1 
:2.0 
CRU~TACEA 
Fig. 13. Food of the adult white bass from Spirit 
Lak ... in 1942, expressed as percentages of total volume 
uC food urganisms. 
by white bass. 
Young carp were 
too large by the late 
fall for even a large 
adult white bass to 
prey upon. These 
two factors prob-
ably account for the 
absence of carp in 
the white bass diet. 
Another fish which 
did not occur in the 
white bass diet was 
the bigmouth buf-
falo. However. all 
indications are that. 
with the exception 
of 1943, the repro-
duction of this fish 
was negligible for 
the period in ques-
tion. 
Black bullheads, possibly 
the second most abundant 
fish in Spirit Lake, were 
not eaten by the white bass. 
Bailey and Harrison (2) 
recorded bullheads as com-
prising 53 percent of the 
volume of Clear Lake white 
bass food during one month. 
It seems reasonable that a 
difference in habitat, rather 
than a definite avoidance, 
accounted for the lack of 
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bullheads in the Spirit Lake CRU5TACEA"-IS 
white bass diet. Large- 25.'2 
40 
= mouth bass were also re-
ported in the food of Clear 
Lake white bass by Bailey 
d H · (2) N Fig. 14. Food of the young white baHs an arnson . one from Spirit Lake in 19·12, ~xpre""ed as per-
was identified from the .entagcs nf tntal volume of food urganisms. 
Spirit Lake fish. 
While the young white bass fed to some extent on small 
pan fish, their diet was largely composed of Entomostraca 
(appendix tables 5 and 6, and figs. 14 and 15). Diptera and 
Hemiptera were taken by young white bass in 1942, but no 
insects were found in 1945. 
The feeding activities of the yearling 'vhite bass in 1942 
were little short of sensational. Large schools of these fish 
often traveled so neal' the surface that a part of the dorsal 
fin projected out of the water. One of these feeding schools 
of white bass was estimated to cover an area of 40 acres. 
On another occasion several 
thousand fish were cap-
tured with one sweep of a 
400-foot net. Normally, 
however, the groups were 
much smaller than this. In-
dividual schools appeared 
to have little or no integ-
rity. That is, a given group 
might either split up or 
combine with a passing 
school. 
The yearling white bass 
were observed to attack 
schools of young fish and 
actually cause them to leap 
PCR-lOD 
FoeD 
JWL'< AuG. Oc.r 
PAN FISH ~c.J --
R n o 
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00 
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o 
];ig. 15. Fuod of the young while ba" 
from Spirit Lake in ]~J45. eXllrcl';::;ed as P€t-
centagcs of total volume of food organisms. 
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out of the water and land on the beach. In deeper water, 
the white bass sometimefl drove young fish to the surface. 
apparently in frantic and probably futile efforts to escape. 
This type of activity was observed to attract gulls and terns. 
which in turn gave fishermen a clue to the whereabouts of 
the white bass. The habit of traveling in large schools is not, 
therefore, without Its disadvantages for the white bass. 
Large numbers of white bass are often taken in a short 
time when they move within bait-casting distance of shore 
fishermen. During warm weather the adult fish remain in 
deeper water in the daytime but move inshore at twilight 
to feed. 
Between Jan. 29 and March 16, 1943, 41 white bass were 
taken from under the ice. In December, 1945, 16 white bass 
were caught after the fall freeze-up. None of these fish had 
fed recently enough to have food in its stomach. Howard 
Greasing of Spirit Lake, Iowa, reported taking white bass 
on live minnows just after Spirit Lake froze up in Novem-
ber one year. However, numerous attempts to .take them 
from January to March, 1943, with live minnows and sev-
eral artificial baits failed. It appears probable that white 
bass feed little or not at all under the ice in Spirit Lake. 
SPECIFIC FEEDING TRENDS 
YELLOW PIKEPERCH 
The yellow pikeperch was recorded from stomachs taken 
in only one collection during the 3-year period (appendix 
tables 2-4). On Sept. 12, 1942, a truck from the Iowa State 
Conservation Commission released a load of forage fish and 
fingerling pikeperch into Spirit Lake. After the first few 
fish had been released from containers into the lake, almost 
every cast with an artificial bait, in the immediate vicinity 
of the release, yielded a white bass. The feeding activities 
of the adult white bass were so intense that they frequently 
bumped into the men who were dispensing the small fish. 
Since pikeperch were taken by white bass only during this 
short period of abnormal availability, they were unimpor-
tant as food. However, since the records of test seining 
during the food-habits study indicated a continuously low 
population of young pikeperch, the lack of availability was 
probably the main, or possibly the only, reason that pike-
perch were not taken. It is possible that by late summer or 
early fall, the faster growing young pikeperch reach a size 
large enough to be lesfl vulnerable to white basfl predation. 
WHITE BASS 
Young white bass were unimportant in the food of the 
adults. In September, 1942, 3 percent of the volume of 
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adult food was white bass, and in August of 1945, 2 per-
cent of the adult food was white bass (appendix tables 2-4). 
Although young white bass were rarely captured in the 
nets in 1946, they were taken quite easily at night in 1942. 
The size attained by the young white bass by late Septem-
ber or October (table 3) may have excluded them as food 
after that time. However, quite small white bass did not 
appear in the diet of adults during late June or July. Dur-
ing twilight periods when a moderate or high wind was 
blowing, the young were almost invariably on the quiet side 
of the lake, while the adults were on the rough side. Periods 
of relative calm presumably did not result in this separation 
of size classes of white bass. The young apparently had 
a preference for sandy beaches and Potamogeton beds, but 
were also observed as far as a mile from shore. It appears 
from this food-habits study that the adult white bass popu-
lation did not deplete their own young, except possibly in 
1942. BLACK CRAPPIE 
Although black crappies were not as important an item 
of food as either the bluegills or the yellow perch, they were 
taken more often than any of the game fish. Young black 
crappies appeared in the adult diet in August of 1942, and 
in July and August of 1945 (appendix tables 2 to 4). The 
young white bass fed to a small extent on black crappies in 
July, 1945 (appendix table 6). Although the adult popula-
tion of black crappies in Spirit Lake was never large, the 
young were abundant. The relatively small size attained 
during their first year of life left them vulnerable to a large 
percentage of the piscivorous fish. Only a very small num-
ber of young black crappie was recorded from test-seining 
operations after the month of September in any given year. 
BLUEGILL 
Young bluegills provided the second most important 
item of vertebrate food for the white bass. Bluegills con-
stituted 18 percent of the volume of food for the young 
white bass in October, 1942, and 10 percent in 1945 (ap-
pendix tables 5 and 6). Young bluegills were taken by adult 
white bass in each of the three months studied in 1942, and 
in July and August of 1945. In August of 1942, bluegills 
occurred in 61 percent of the adult white bass stomachs, 
and constituted 32 percent of the volume of food analyzed. 
They were unimportant as food for adult white bass in 
1945, although test seining in 1945 showed the young blue-
gills to be more abundant that year than they were in 1942. 
An explanation of this difference may involve selectivity by 
the white bass, a greater ability of the bluegills to escape, 
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or errors in the evaluation of the relative abundance of the 
young bluegills. 
YELLOW PERCH 
Yellow perch were taken by the adult white bass more 
often and in greater quantities than any other item of food. 
Since young yellow perch were judged to be the most abun-
dant fish in the lake during 1942, 1945 and 1946, this was 
not surprising. Young perch were produced in phenomenal 
numbers. One sweep of the 400-foot test seine in 1945, cov-
ering approximately 1.8 acres, caught 30 bushels of small 
perch. There was no record in this study of the young white 
bass feeding on yellow perch. Considering the normally 
earlier spawning period of the perch, a large percentage of 
the young perch were probably excluded from the diet of the 
young white bass, on the basis of relative size of the two 
species. 
Adult white bass fed on yellow perch during every month 
for which data were taken except April, 1946 (fish largely 
undetermined this month). Within broad limitations, the 
white bass took perch in about the degree that they were 
judged to be available. Young yellow perch began appear-
ing about June 20 of each year and were most abundant 
during July and August. The higher percentage of white 
bass stomachs containing food during June, July and Au-
gust indicated that food was more easily taken during these 
months than at other times. However, as the season pro-
gressed in 1942 and 1945 the percentage of yellow perch in 
the diet of adult white bass remained high. This was true 
despite reliable evidence that the number of young yellow 
perch in late fall was only a small fraction of what it was 
in July. FRESHWATER DRUM 
The young freshwater drum formed an important item of 
adult white bass food in Sentember and October of 1942 and 
in November of 1945. None was taken from the white bass 
stomachs analyzed in 1946, nor were any young drum re-
corded from test-seining operations during that year. The 
large size of the young Spirit Lake drum (4 to 5 inches, 
total length) in the fall might be expected to exclude them 
from the diet since no other fish of this size was taken in 
comparable numbers. 
CRUSTACEANS 
MALACOSTRACA 
The scud, H yalella a.zteca, was the only higher crustacean 
taken by white bass except for one crayfish, Ca.mba1'U8, 
which was taken from an adult stomach in August, 1946. 
H yalella was more prominent in the diet of the young fish 
than in the adults. In October, 1942, Hyalella made up 11 
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percent of the volume of the young white bass diet, and in 
July, 1945, it constituted 14 percent. 
ENTOMOSTRACA . 
Leptodom kindti was taken in greater volume by the 
Spirit Lake white bass than any other invertebrate. It was 
excluded from the adult diet only 4 of the 12 months consid-
ered, and it appeared in the juvenile diet in each of the five 
months studied. Stomachs that contained Leptodom were 
often distended with this small animal. Adult fish fed more 
heavily on Leptodom during the months in which young fish 
were scarce. 
Daphnia was not fed on heavily by adult white bass, but 
the young took these waterfleas in considerable volume. 
Daphnia appeared as an important item in the adult food 
only in April of 1946. The young fish, however, utilized 
Daphnia during every month considered, and it always oc-
cm'red in at least 9 percent of the stomachs. 
GASTROPODS 
Gastropods, representing two genera, Ancylus and Va!-
vata, were taken on only one occasion. The white bass 
showed a definite lack of preference for all Mollusca. Adult 
white bass stocked in a pond abounding with snails did not 
feed on the snails at all according to stomach analyses. 
PLANT MATERIAL 
Small parts of aquatic plants were frequently mixed with 
adult stomach contents, but they are considered to have 
been taken incidentally. Bailey and Harrison (2) listed 
plant material to occur as frequently as 63 percent of the 
time but considered it of incidental significance. 
REPRODUCTION OF WHITE BASS 
Apparently very little is known about the reproductive 
habits of the white bass. Aitken (1) reported spawning 
from late April to the end of May in Iowa. According to 
Aitken, white bass eggs are deposited at random over weedy 
and gravelly bottom. The Spirit Lake white bass have been 
reported by O. J. Koch of the Iowa State Conservation Com-
mission to spawn as early as late April and as late as the 
third week in June. Howell (9) stated that the white bass 
in some Tennessee Valley Authority -waters spawn in the 
reservoirs and not in tributary streams. 
In an effort to learn more of their spawning habits and 
requirements, white bass were stocked in two small ponds 
in early April, 1946. Twenty-two adult fish were stocked 
in one pond of lIlt. acres and not exceeding 30 inches in 
depth. Nineteen of these were known to have survived. A 
second pond, % of an acre in area and averaging 30 inches 
236 
in depth, was stocked with 13 'adults; of these 11 were ob-
served several times during the summer. 
Repeated observations at the ponds during and after the 
normal spawning period revealed no activity that could be 
associated with spawning. No young white bass were ob-
served in the ponds, and efforts to take young were unsuc-
cessful. However, the ovaries of the pond females, removed 
a month after the normal spawning period, had the same 
appearance as the ovaries of females removed from Spirit 
Lake. It was assumed that the latter had spawned naturally. 
Apparently the eggs were dropped without being fertilized, 
or the fertilized eggs or the young were early prey. 
Attempts to strip the eggs from apparently gravid white 
bass met with failure. When males were handled carefully 
a small amount of sperm was obtained. On three occasions 
ovaries of live females were removed and attempts were 
made to fertilize the eggs. The eggs were then placed in 
Chase jars and handled in the routine manner used for pike-
perch, but none hatched. Adults not yet ripe held in hatch-
ery tanks frequently died before any apparent change had 
taken place in the reproductive organs. 
In 1946, no spawned-out females were taken previous to 
May 27 and all of the females taken after June 21 were 
spent. A large school of white bass was reportedly observed 
going through typical spawning gyrations around the rocks 
near the outlet of Spirit Lake at 11 a.m. on May 26. Two 
boat liverymen reported that a large percentage of the fe-
male white bass brought into their docks on May 28 and 29 
had limp, dark-colored ovaries. Probably most of the white 
bass spawned in Spirit Lake during the last week in May in 
1946. The temperature of the water 3 feet below the sur-
face, during this period, ranged between 58 and 64 degrees 
Fahrenheit. Two ripe females taken June 14 provided evi-
dence of late spawning. 
Sandy to rocky shore areas in the vicinity of running 
water probably were the most attractive spawning areas. 
White bass were reported' by O. J. Koch of the Iowa State 
Conservation Commission, to spawn at times in water up to 
6 to 7 feet in depth. This suggests a much smaller degree of 
vulnerability to the effects of ordinary water-level fluctua-
tions during spawning, than is experienced by the Cen-
trarchidae. 
The number of eggs to a female was estimated by weigh-
ing a representative sample of from 0.2 to 1.3 percent of the 
total weight. Egg counts ranged from 650,000 to 970,000 
for the three females checked. 
In 1946, the eggs did not increase markedly in size dur-
ing the 4-week period just preceding the spawning season. 
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During the breeding season, what appeared to be an aver-
age ovary contained two sizes of eggs. About 23 percent of 
them were quite small and possibly would not be fertilized. 
The ovary walls and those eggs which adhered tightly to the 
ovary wall were computed by weight as 2.8 percent of the 
total. Egg diameters ranged from .029 to .034 inch, mean 
.031. 
MOVEMENTS AND EFFECTS OF ANGLING 
Between March 30 and April 27, 1946, 123 adult white 
bass from six stations were jaw tagged and released (ap-
pendix table 7). The number of tagged fish recaptured from 
May 30 to August 20 was 39, or 31.6 percent of the number 
tagged. The returns were from 10 shore areas and numer-
ous places in deeper water. Only one fish was recaptured at 
the same place it had been tagged. The longest straight-line 
distance traveled was 3.5 miles in 42 days. It appears from 
these limited returns that the schools of white bass move 
freely around Spirit Lake. The return of more than 31 per-
cent of the tagged fish also indicates a large angling catch 
from the already low population. Sigler (12) reports a 
catch of 1.35 white bass per hour, and a catch of 1.66 fish of 
·all species per hour, for 158 hourg of fishing in Spirit Lake 
in 1942. 
MANAGEMENT 
Since the white bass is a relatively fast-growing, short-
lived fish, it should be harve-sted quite rapidly. During pe-
riods of an abundant year class, such· as prevailed from 
1942 through 1946, in Spirit Lake, hook and line fishing 
should have few restrictions on either size or number. 
Spirit Lake has a complex faunal assembly and a high fer-
tility. When the popUlation of white bass goes down, other 
species replace it. Considering the fecundity of white bass 
as more than half a million eggs per female, it is question-
able whether or not weak or depleted year classes should be 
protected. Whenever the population is to be protected, the 
season should not be opened until after spawning has been 
completed, and immature fish should not be taken. 
Although the minimum size of a body of water in which 
white bass wiII successfully reproduce has not been estab-
lished, it appears certain that ponds less than 5 acres in size 
are too small. White bass may, however, make a satisfac-
tory growth in small ponds. Where large numbers of young 
fish are available, they may be used ai a one generation crop 
in ponds. Since neither hatchery nor small pond production 
of this fish has as yet proved successful, it seems that bodies 
of water which support good populations offer the only 
source of stock. 
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APPENDIX TABLE 1. BODY-SCALE RELATIONSHIP (LISe) of 1,142 SPIR1'f 
LAKE WHITE BASS ARRANGED ACCORDING TO THE STANDARD 
LENGTHS BASED ON 5·MILLIMETER INTERVALS WITH 
ALL AGE GROUPS COMBINED. 
Meau .tandard length 
I Mean seale 
. mrasurement (X 27.0) 1 LIS. rat.;o Number of fish 
---------
24.0 6.0 4.00 1 
26.0 '0.0 4.33 1 
32.0 8.0 4.00 5 
43.5 12.0 3.62 ~ 
48.8 15.0 3.25 5 
53.1 13.9 3.82 8 
58.2 19.2 3.02 13 
63.7 21.0 3.03 12 
67.9 22.0 3.22 11 
72.4 25.3 2.86 10 
83.7 35.2 2.38 4 
86.5 37.0 2.34 2 
92.0 40.0 2.30 2 
P9.0 43.0 2.30 1 
112.0 51.0 2.19 L 
153.2 67.8 2.26 4 
157.5 74.5 2.12 2 
164.1 70.1 2.34 8 
168.7 73.0 2.31 15 
173.1 74.4 2.32 IL 
178.4 81.5 2.19 12 
182.4 78.4 2.33 20 
188.6 86.9 2.17 21 
192.9 89.5 2.16 17 
197.4 91.8 2.29 18 
202.9 92.6 2.19 14 
208.2 98.2 2.12 13 
213.2 98.8 2.16 8 
219.0 105.0 2.09 1 
224.0 99.0 2.26 1 
234.0 134.5 1. 74 2 
241.0 107.0 2.35 1 
258.5 141.5 1.83 2 
263.6 124.2 2.12 4 
268.9 118.7 2.26 7 
274.0 130.5 2.10 37 
278.8 136.5 2.04 72 
283.6 144.8 1.96 104 
288.3 143.8 2.00 166 
293.2 139.8 2.10 116 
298.3 147.1 2.03 lOS 
303.3 153.9 1.97 96 
308.5 156.3 1.97 69 
312.8 155.7 2.01 60 
318.2 160.6 2.11 31 
321.1 144.0 2.23 S 
327.7 169.7 1.93 6 
332.7 150.7 2.21 3 
338.7 155.2 2.18 4 
342.0 145.0 2.36 1 
347.6 167.5 2.07 2 
Weighted average 2.04 
240 
APPENDIX TABLE 2. FOOD OF THE ADULT' WHITE BASS FROM SPIRIT 
LAKE, IOWA, IN 1942 EXPRESSED AS PERCENTAGES 0]<' FRl<:-
QUENCIES OF OCCURRENCE AND AS PERCENTAGF..s 
OF TOTAL VOLUME OF FOOD ORGANISMS. 
======::::;=-,,====;====~=~ - .. -~~-
DAto of collectioll ! August I September 
:-i'umber of stomachs taken .••..... 1----3-5----- -----10-2----1 
Number of stomachs containing food 33 72 
Percent ofstoma.hs containing food. '\ 94 71 
Total volume of food (cc) • • . . . . . • . 134.4 415.3 
Total length {inche.\ 
Mean ........ _................ 7.2 10.3 
Ral1~c........................ 6.2-10.9 6.9-12.6 
-~------------ -~ 
Percent Percent 
October 
67" 
31**--
54.4 
96.5 
9.0 
6.8-12.8 
.Percent 
1----1---1-----'1---- --------
.3(:c~rene(J Volume Oecurre~i_V_o_lu._m_c.I_O_c_c_u_rr_e_n_ce_I-V-o-IUIlI-e-
Fish ..••........................ 
Undetermined_ ................ . 
Determined ..•... _ ............ . 
Game fish .................. . 
Stlzosledlon vitreum ...... . 
Lepibema chrysops ........ . 
Pan fish .................... . 
Pomoxls nigro-maculatu •.... 
lepomis macrothirns ...... . 
Perea flavescens .......... . 
Forage fish ................. . 
Aplodinolus grunn)en •...... 
Boleosoma nlgrum ......... . 
Pimephnles promelas ...... . 
Notemigonus crysoleucas .. . 
Inscet .............. " .......... . 
Undetermined ................. . 
Determined ................... . 
Hymenoptera ..... , .. , , , , . , , . 
Dipler., .. "", .. , ..... " .. , 
Hemiptera .................. . 
Corixidae . ........ , ....... . 
Ephemeroptera ..... , ..... , , .. 
Cru.o;taceans .. ......... , ........ . 
Undetermined ..... , ........ , '" 
Determined ........ , , . , , ...... . 
Malacostraca .. , ..... , ... , , . , 
Entomo.'itraca ............. " . 
Daphnia spp .............. , 
leptodora klndti. ... , , , , , .. 
Gastropods .. , .. __ ...... , , .. , ... , 
Pl.n~ material. . , , ........... , .. , 
67 
21 
64 
64 
6 
61 
IS 
18 
6 
9 
3 
54 
15 
51 
42 
30 
30 
42 
3 
42 
q 
42 
56 
I 
55 
47 
5 
32 
10 
8 
1 
7 
tr 
20 
1 
19 
19 
tr 
It 
24 
Ir 
24 
Ir 
24 
87 
50 
55 
6 
4 
1 
37 
17 
22 
43 
36 
4 
7 
3 
21 
3 
21 
3 
18 
3 
3 
1 
15 
1 
15 
7 
10 
iil 
3 
3 
89 
16 
73 
6 
4 
3 
26 
11 
14 
41 
32 
1 
5 
3 
5 
Ir 
5 
Ir 
5 
tr 
tr 
tr 
5 
If 
5 
tt 
5 
5 
tr 
It 
n 
48 
64 
42 
29 
16 
29 
19 
3 
10 
io 
'3 
6 
ij 
13 
13 
10 
10 
07 
49 
48 
22 
6 
15 
26 
15 
1 
10 
Ir 
tt 
tr 
Ir 
Ir 
3 
3 
'The yearling fish are included with the mature fish since no significant difference 
could be detected between the feeding trends of the two groups . 
• 'Nine stomachs from early November included. 
***Two stomachs from. early November included. 
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APPENDIX TABLE 3. FOOD OF THE ADULT WHITE BASS FROM SPIRIT LAKE, 
lOW A. IN 1945 EXPRESSED AS PERCENTAGES OF FREQUENCIES 
OF OCCURRENCE AND AS PERCENTAGES OF TOTAL 
VOLUME OF FOOD ORGANISMS. 
Date of collection I July August October Sovember 
Number of stom.chs taken .......... '1 83 209 22 59 
Number of stomachs containing food .. 47 118 12 23 
Percent of stomachs containing food ... 57 56 54 39 
Total volume of food (ee) ............ , 45 266 64 103 
Tolallength (inches) I 
Mean ............................ 14.8 14.9 15.1 14.9 
Range ........................... 13.8-17.1 12.0-17.4 13.9-17.5 14.2·16.1 
---~~------~- --
llercent Percent Percent Percent 
Occur- Vol- Occur- Vol· Occur- Vol- Occur- Vol-
renee ume rence uroc renee ume rence urn. 
!---
--
---
-----
-----
--Fish ............................... 51 57 78 83 75 86 70 94 
Undetermined .................... 34 34 59 61 42 54 44 23 
Determined ....................... 19 23 31 22 42 31 39 70 
Game fish ...................... 1 2 
Lepibema chrysops ............ 22 1 2 24 Pan fish ........................ 15 38 20 13 30 
flomoxis nigro-maculalus ....... 6 5 7 3 
Lepomis macrochlrus ..•....... 2 1 2 1 24 i:i Perc. Havescens .............. 8 16 20 17 , S 30 
Forage fish ..................... 6 1 4 1 17 7 22 40 
Eucalla inconslans ............ 2 Ir 22 Aplodinolus grunnien •......... 
. i 17 7 40 Poeclllchlhys exills ............ 
'4 . i Ir Boleosoma nigrum ............ 3 I 25 . i Insects ............................. 60 19 57 9 Ii 
Undetermined .................... 8 1 12 1 25 . i Determined ...................... 55 18 49 8 17 
Diptera ........................ 6 Ir 4 tr 17 tr 
Ttlchoptcra .................... 4 Ir t Ir 8 1 i:i Coleoptera ..................... 2 Ir 
Undetermineu ................ 2 tr 
Determined .................. 1 tr 
Dytiscidae ................. 
'(; 1 tr , 13 Odonata ....................... 1 i:i Helni~tera ..................... 6 Ir Ir tt 
Un .t .. mined ................ 4 tr 
Determined .................. 2 Ir i:i Corixidac .................. 2 tr Ir 
Notonectidae ............... ir 8 Ir Ephemeroptera ................. 49 38 7 i4 4 Ir Crustaceans ........................ 28 23 21 S 50 22 5 
Malacostraca ................... 4 Ir 3 1 i4 '5 Entomostraca .................. 23 23 19 7 50 22 
Undetermined ................ 11 2 16 3 8 1 22 5 
Determined .................. 15 21 6 4 42 13 
Leptodora kind Ii ............ 15 21 6 4 42 13 
Leech,.. ............................ 8 tr 
Plant material ...................... 5 
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APPENDIX TABLE 4. FOOD OF THE ADULT WHITE BASS FROM SPIRIT 
LAKE. IOWA. IN 1946 EXPRESSED AS PERCENTAGES OF FREQUENCIES 
OF OCCURRENCE AND AS PERCENTAGES OF TOTAL 
VOLUME OF FOOD ORGANISMS. 
Dale of collection 
_ '\lar~~I __ I~~1 .June July August 
--~.---
Number of stomachs taken ...... 82 34 33 54 36 
N umber of stomachs containing 
food ...................... 25 21 32 35 28 
Prrcent of stomachs containing 
food ...................... 30 62 97 65 78 
Tatal volume oflood (cc) ....... 32 37.1 148.1 6.7 52.8 
Total length (inches) 
Mean ...................... 15.0 14.8 15.1 15.1 14.9 
Range .. . ................. 14.0-16.3 13.0-17.3 14.0-16.7 13.5-17.0 14.0-16.3 
-:---~~------I Percellt Percent Percent Percellt Percent 
occur-I Vol- Oce. ur- Vol- oeeur-] Vol- . oceu-;':I-V;;l:- .. occur- V'&=-
renee ume rence ume rence Ume renee ume renee ume 
Fish .......................... -5'6-!J2 -;4-« 100- 9s-!29~I'-57-IIs-I4-
l!",letermilled.. .. ... . .. ... . . 40 27 9 41 6 1 17 Ir 1 It 8 
Determined................. 24 65 5 3 94 97 11 57 4 6 
Pall fish ......... '" .... . . 12 57 94 97 9 51 4 6 
Perca flavescens... .. ... . 12 57 . 3' 94 97 9 51 4 6 
Farage fish ............... '112 8 5 6 6 
Boleosoma nlgrum. .. . .. . 4 5 5 3 1\ 6 
Insccttj.~~Ph~I~S P~~~~I.a.s .... ::: 4~ ~ 52 4 .ii . i 77 .j:i 75 73 
Undetermined. ............. 20 tr 3 Ir 
Determined.. .. . .. .. . .. .. .. . 24 1 l' 9' 41 1 
Dipter.. .. . . . . . . . . . . . . . . . . 20 Ir tr 
Ttlchoplera .............. . 
Hemiptera .............. . 
Corixidae .............. . 
N otonectidae .. .......... \ 
4 
4 
Ephemeroplera ........... '1 
N eurortera .. _ .. .. . .. . .. .. 8 
Crustaceans.. . . . . . . . . . . . . . . . . . 4 
~Ialacostraca ............... '1' 
Elltomostraca . .......... , .. . 
Undetermined ............. . 
Determiued .... - ......... -I . 4' 
Daphnia SJlll .......... . 
Leptadora kindti ........ '1 
Leeches .... ... , .............. . 
Piant material.. ............. "1 20 
Ir 
Ir 
. i 
7 
'i 
48 
38 
19 
38 
5 
38 
33 
5 
. .i 
52 
1 
51 
Ir 
51 
18 
32 
tr 
34 77 43 
tr 
75 
25 
11 
14 
18 
7 
11 
i i 
72 
2 
1 
Ir 
12 
3 
10 
iil 
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APPENDIX TABLE 5. FOOD OF THE YOUNG WHITE BASS FROM SPIRIT LAKE, 
IOWA, IN 1942 EXPRESSED AS PERCENTAGES OF FREQUENCIES 
OF OCCURRENCE AND AS PERCENTAGES OF TOTAL 
VOLUME OF FOOD ORGANISMS. 
Date of collection 
Number of stomach. taken ............................. . 
Number of stomachs containin!! food ..•.................. 
Percent of stomachs containing foed .••.•...•..•.•..•.... 
Total volume oerood (00) •.....•.•..•.••••••.••.••.••••• 
Totallengtb (mm) 
Mran .............................................. . 
Ran~e ............................................. . 
~·isb ................................................. . 
Pan fish .................•.......................... 
Lepomis macrochlrua .............................. . 
Insecls ........•...................................... 
~t~f~~;~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Cori.idae .......••....................•...•••...•. 
N otonectidae ..................................... . 
Crustaceans .. ........................................ . 
Malacostraca ................................•.•..... 
Entomos!rac ....................................... . 
Cyclops "pp ...................................... . 
Daphnia opp ....• : .....•.........•...•.........•.. 
Dlaplomus SPI> ................................... . 
L.ptod~ra kindti. ................................. . 
July 
32 
23 
72 
2 
43.7 
39.048.0 
Per ... nt 
October 
44 
44 
100 
13 
106 . 
8~.Q.123.5 
Percent 
o~ v;.;;;;;- O~Uttencc I Volume 
4 4 11 18 
43 
30 
9 
9 
78 
78 
13 
43 
9 
48 
:is 
26 
9 
9 
ili 
61 
5 
22 
3 
31 
11 18 
11 18 
59 56 
59 
59 
61 
34 
34 
18 
20 
20 
66 
56 
25 
11 
14 
4 
5 
APPENDIX TABLE 6. FOOD OF THE YOUNG WHITE BASS FROM SPIRIT I.AKE. 
lOW A, IN 1945 EXPRESSED AS PERCENTAGES OF FREQUENCIES 
OF OCCURRENCE AND AS PERCENTAGES OF TOTAL 
VOLUME OF FOOD ORGANISMS. 
Date of fCll1l'ction 
N umber of stomach. taken ...•.•.. 
N umbcr of stomach. containing food 
Percent of stomach. containing Food. 
Total volume of Food rce) ..••..... 
Totallcngtb (mm) 
Mran ........................ . 
Range ....................... . 
July 
35 
34 
97 
1.4 
38.5 
32-48 
August 
20 
20 
100 
1.0 
60.5 
57-67 
Octobcr 
35 
32 
91 
4.0 
88.3 
73-111 
--·-----1------------1-----------1-----------
Percent Percent Percent 
Occurrence Volume Occurrence I'-V-o-Iu-m-e- I------'----Occurrence Volume 
Fish ............................ 6 8 6 12 
Undetermined .................. 3 3 3 2 
Determined .................... 3 5 3 10 
Pan fish ..................... 3 5 3 10 
Pomoxis nigro-maculalu •.... 3 5 
Lepomia macrochlrus ..•.... ioo Crustaceans ..................... 92 100 100 
":i 'io 
97 88 
~blacostraca ........••.•.••.•. 15 14 ioo' iilil Enlomostraca .................. .100 78 9 1 97 88 
Undetermined ................ 94 74 100 72 94 47 
• Determined •••....•....••.•.. 15 4 35 28 72 40 
Cyclops 8PP ................ 
"9 ":i '20 Daphnia .pp ...•....••...•. 25 9 1 31 9 
DiaplOmus .Pp ............. 
"i; "i '20 LeplOdora klndll .•• " ...... 8 69 14 19 17 
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APPENDIX TABLE 7. TOTAL NUMBER OF WHITE BASS RECORDED FROM 
THE CREEL CENSUS, AND THE NUMBER OF TAGGED FISH IN THE 
CREEL, FROM SPIRIT LAKE IN 1946. (DATA PROVIDED 
BY E. B. SPEAKER AND E. T, ROSE.)· 
Date 
Number of captu.ed 
white bass 
May 15-25, 1946 ...................................... ,. 612 
~Iay 25-Juoe 4,1946,." ..•• ,', .. "., ...... " ••• ,',..... 2,813 
June 4..JWle 14, 1946 •..• "",., .. ,.,, ... , .•........ ,',... 2,226 
June 14..June 24, 1946 .. , .... , ....• '.. ................... 1,595 
June 24..July 4, 1946 .......................... ,."....... 1,519 
July 4..July 14, 1946 ... , ..................... , , .. . .. .. • .. 2,489 
July 14..July 24, 1946 ....................... , ........ ,... 651 
July 24-August 3, 1946 .. , ............ , .. . . • .. . • .. .. • . .. . 233 
August a·August 13, 1946 ......................... , ...... 29 
August 13.August 23, 1946 ..... ,......................... 43 
August 23-Sept.mb •• 2, 1946 ... ,........ ................. 140 
Number of tagged 
fish captured 
2 
9 
7 
. ~ 
3 
I; 
1 
2 
1-------------1----
Total ....................................... ,...... 12,350 39 
• A total of 123 fish from six stations was tagged. 
